I. INTRODUCTION
Diversity schemes provide significant improvement in communication when transmitting through a fading propagation medium. Existing receiver designs implementing the Alamouti transmission scheme used either the Maximal Ratio Combining (MRC) or the Selection Combining (SC) technique [1] . MRC as an optimal combining technique, combines signals from all the receiver branches to maximize Signal-to-Noise Ratio (SNR) at the expense of implementation complexity. The SC scheme, which is the simplest selection method, selects only one receiver branch providing the largest SNR. However, SC provides a poorer system performance than MRC, because the receiver does not fully exploit the available diversity offered by the channel.
The average SNR, outage probability and coding gain were studied in [2] for systems with joint selection at the transmitter and receiver ends. The channel estimate using pilot symbols was derived in [3] . The main problem with the use of diversity schemes is that multiple RF chains associated with multiple antennas are costly to implement. For this reason, there is now a great interest in systems that select a subset of available antennas for reception. Recently, a hybrid version of MRC and SC, called Generalized Selection Combining (GSC) has been proposed and analyzed [4] . GSC selects Ls branches out of L diversity branches having largest instantaneous SNR and combines them using MRC. Since MRC is sensitive to channel estimation errors, and with GSC, the weak signals which are prone to these errors are excluded in combining GSC with Ls/L (selecting Ls receiver branches out of L available ones), and outperform a MRC scheme with diversity Ls.
Earlier works in GSC were focused on Single-Input Multiple-Output (SIMO) systems without Space-Time Coding (STC) [5] . A virtual branch technique was introduced to derive the mean and variance of the combined output of GSC diversity system. Later, with the aid of STC, diversity gain became possible using multiple transmit antennas. In [6] , the distribution theory of transformation of random vectors was discussed. In [7] , performance bounds were derived for STBC with GSC at the receiver side.
In [8] , the Bit Error Rate (BER) performance of GSC with Ls = 2 and Ls = 3 out of L branches was analyzed, and it was deduced that the expressions became extremely complicated for L > 3. The effect of channel estimation errors on receiver selection combining schemes for MIMO systems with BPSK was discussed in [9] . The results were extended to include the MPSK case in [10] . The performance of MPSK with GSC in Nakagami fading channel was studied in [11] . The effects of noise and estimator decorrelation on the received BER of multilevel QAM were examined in [12] .
In this paper, the effect of channel estimation error on the Symbol Error Rate (SER) performance of a 4 x L MIMO system in a slow, flat Rayleigh fading channel is examined. Coherent detection of MQAM modulation technique is considered, and its performance is compared to that of MPSK modulation scheme. At the transmitter, half rate full diversity OSTBC scheme for complex signal constellations is used. The case of imperfect channel estimation is also considered. GSC requires information regarding SNR of selected branches, and channel estimation information for its operation. Quantitative results for the effects of noisy channel estimation are derived. This paper consists of five sections. In Section II, the system model is described and OSTBC transmission scheme is introduced. In Section III, a SER expression for GSC reception of MQAM and MPSK in Rayleigh fading channels is derived. In Section IV, numerical results are presented and discussed. Finally, Section V presents the conclusion and future work.
II. SYSTEM MODEL
We consider a MIMO system where an OSTBC scheme is applied with 4 transmits antennas and L receive antennas. At the GSC receiver, the received signal from each receive antenna is first processed by a Space-Time (ST) combiner which computes the receiver decision variables as in [1] . Then, the SNR of the output signals is measured and L s out of L signals with largest SNR are selected and combined by a MRC combiner. The combined signal is used for final decision and the signal estimate is based on the phase of the MRC combiner output, j =1, 2 with equal SNR over receiver branches. The receiver decision variables are computed as The channel estimate is assumed to be a zero-mean complex Gaussian random variable correlated with true channel gain. Extending the results in [2] to include the case when the variances of the channel gain and its estimate are unequal. ].
The true channel gain satisfies, ,
The channel estimation error, ρ, ranges from 0 to [3] , where ρ is the squared amplitude of the cross-correlation coefficient of the channel fading and its estimate is given by [ 
The variance of real (or imaginary) component of g j,i is
For perfect channel estimation, ρ = 1. When channel estimation deteriorates, we have ρ . 0 →
III. SYMBOL ERROR PROBABILITY OF GSC
The SER for GSC in a multipath fading environment is obtained by averaging the conditional SER over the Probability Density Function (PDF) of the SNR of the MRC combiner output, , 
A. Expression for GSC γ
At the MRC combiner, the selected L s ST combiner outputs are combined. Defining the effective SNR as ( )
The sum of the SNR of selected branches is given as 
B. Derivation of SER
The independent random variable a i has a chi-square distribution with four degrees of freedom and its PDF is given by ( ) e x p ( )
International Journal of Future Computer and Communication, Vol. 3, No. 1, February 2014 The joint PDF of the ordered set in GSC can be expressed as [5] [ ] ( ) ( ) ( ),
The ordered a [L] are transformed into a new set of independent variables, v [L] using virtual branch relation a [L] =T VB v [L] , where T VB is given as [5] 
Substituting (9) into (10), we have
Using the distribution theory for transformation of random vectors [6] [ ] ( )
where J is the Jacobian of the virtual branch transformation, from (11), we have
Substituting (14) into (13) and using the distribution theory of transformation of random vectors [6] , the joint PDF of v [L] is given by
For coherent detection of MQAM, the conditional SER expression is given by [5] 
where
Substituting (15) and (16) into (6), and solving for L = 2, L s = 1 and QAM modulation, we have 
Similarly, SER can be derived for higher order modulation schemes (M = 8, 16, 32) and multiple receive antennas (L = 3, 4, 5). For coherent detection of MPSK, conditional SER is written as [5] 
The integral in (19) can be further simplified to Fig. 3 . SER of QPSK vs. SNR per symbol for 4× 4 antenna system with imperfect channel estimation (ρ = 0.9).
IV. SIMULATION RESULTS
As expected, the simulation results show that SER increases with increasing fading estimation error (decreasing value of ρ). Fig. 2 shows that system performance improves as more antennas are selected at the receiver. As L s increases, International Journal of Future Computer and Communication, Vol. 3, No. 1, February 2014 the system performance improves because output SNR of GSC is the sum of SNR of selected branches. Fig . 3 shows similar performance comparison for imperfect channel estimation case. Fig. 4 shows that the performance of 4 × 4 half-rate full diversity OSTBC degrades with imperfection in the channel, but improves with increase in the number of selected signals. Performance comparison of different antenna configurations is shown in Fig. 5 . It shows that the 4 × 4 MIMO system performs better than the 2 × 2 antenna transmission system. The effect of increasing the number of receive antennas is greater than the effect of increasing the number of transmit antennas. Fig. 6 shows that the performance of QAM modulation scheme is better than that of the QPSK modulation scheme, and the performance degrades with increase in modulation order.
V. CONCLUSIONS V. CONCLUSIONS
The effect of channel estimation errors on SER performance of half-rate full diversity OSTBC for a 4 × L antenna system with GSC technique was illustrated in this paper. It can be observed that performance degrades with imperfection in channel estimation (decrease in value of parameter ρ). Analytical results were derived for 4 × L MIMO systems using M-QAM modulation schemes in Rayleigh fading channels. The system performance was shown to improve with increase in diversity order. Further, increase in the number of transmit antennas for a full rate full diversity OSTBC is more interesting and challenging, and will be the focal point of future research work.
